While developing a high-pressure liquid chromatography assay for cefepime in plasma, we observed significant drug degradation at 20 and 37°C but not at 4°C. This plasma-related degradation persisted after protein removal. This warrants caution regarding cefepime assays for pharmacokinetic and pharmacodynamic studies of cefepime in vitro and in vivo.
ples were sealed to prevent evaporation and kept at a controlled temperature (Peltier cooler; Labsource, Reinach, Switzerland) until their automated injection (50 l). Cefepime was quantified by computing the area under the peak from the 260-nm absorption signal. Calibration curves, consisting of seven standards (0.5 to 200 mg/liter) were prepared daily and assayed both at the beginning and the end of the procedure. Linearity, extraction recovery, intrarun and interrun coefficients of variation and accuracy, limit of detection (LOD), and limit of quantification (LOQ) were determined (14) .
Assay validation. The basic performance of the method was excellent. The retention time was 6.06 Ϯ 0.20 min (mean Ϯ standard deviation of 57 runs). Linearity within 0.5 to 200 mg/liter was not rejected by F test computed from six standard curves (P ϭ 0.94). Their individual coefficient of determination was consistently Ͼ 0.999; the pooled linear regression provided a slope of 2.16 Ϯ 0.01 absorption units ⅐ s ⅐ mg Ϫ1 ⅐ liter (mean Ϯ standard deviation). The intercept of 1.22 Ϯ 0.71 absorption units ⅐ s was not significantly different from 0 (t test; P ϭ 0.09). Standards measured at the beginning and end of a 10-h run were similar (analysis of variance with standard concentration as covariate; P ϭ 0.41). At 8, 80, and 160 mg/liter the intrarun coefficients of variation and accuracy, assessed from five replicates, were all below 10%, as well as the interrun coefficients of variation, computed from four replicates. The interrun accuracy was between 2.7 and 10.3%, depending on the concentration. The LOD, defined as the concentration of cefepime giving a peak with a height three times the background noise, was 0.34 mg/liter. The LOQ, defined as the lowest concentration having a coefficient of variation of less than 15% (14) , was 0.5 mg/liter. When the International Union of Pure and Applied Chemistry and International Conference on Harmonisation topic Q2B criteria (15) were used, LOD and LOQ were slightly different, at 1.1 and 3.3 mg/liter, respectively.
Degradation of cefepime in human plasma. Preliminary tests on the ex vivo stability of cefepime diluted in serum or plasma revealed plasma-and temperature-dependent degradation, as detected by both bioassay and HPLC (data not presented). Since plasma deproteinization is a prerequisite for HPLC dosage, we tested whether this step had an effect on subsequent drug degradation. Degradation of a 100-mg/liter cefepime sample was followed over 10 h at 20°C, after either protein precipitation or ultrafiltration. With degradation rates of 0.085 h Ϫ1 0.076 h Ϫ1 , respectively, both conditions were similar (t test; P ϭ 0.11). Subsequent experiments were performed by adding the drug after removing plasma proteins. Figure 1 depicts the degradation kinetics of a range of cefepime concentrations (from 10 to 500 mg/liter) incubated at 37°C. The rate of degradation correlated inversely with drug concentration: less than 2 h was sufficient for half the amount of cefepime to vanish with a starting concentration of 10 mg/ liter (20.80 mol/liter), while more than 6 h was required for a similar degradation at a starting concentration of 500 mg/liter (1,040 mol/liter). Figure 2 indicates that degradation was progressively abolished by diluting deproteinized plasma with water. Moreover, Fig. 2 also indicates that degradation increased with the temperature.
This degradation was neither related to the plasma source nor to the anticoagulant solution used in the blood collection bags. Using freshly collected plasma from a volunteer, with either citrate (10.7 mM) or lithium heparinate (15 IU/ml) as an alternative to the collection bag mixture, a similar drug degradation was observed. Conversely, cefepime was incubated with the various compounds added to plasma (citrate, heparin, and the solution used in the blood collection bags), which were diluted in water at their equivalent concentrations in plasma. In these conditions, 24 h of incubation resulted in Ͻ10% degradation at 20°C and Ͻ20% degradation at 37°C.
Cefepime is stable below Ϫ20°C for long-term storage in both water and serum (1, 7). It is also stable when kept in H 2 O solution at room temperature (9) or in plasma at 4°C (7). However, it is unstable in plain serum during bench-top storage (7). In our study, cefepime degradation (i) was abolished by diluting the plasma in water, (ii) occurred in spite of prior plasma deproteinization, and (iii) was faster at lower than at higher drug concentrations, as already reported (7) . Dynamic changes in pH could have influenced the degradation kinetics. In one experiment, pH increased from 8.1 to 8.8 over 24 h (after a first abrupt increase from 7.5 to 8.1 associated with deproteinization) during incubation of 100 mg of cefepime per liter at 37°C in deproteinized plasma. In this regard, adding a buffer to the samples before HPLC, as in the method described by Breilh et al., merits consideration (6) . An increase of pH has also been recently reported during cefepime degradation in buffered saline solution (12) . On the other hand, evidence for both acid-and base-catalyzed degradation of cefepime has been reported earlier (9) .
Eventually, the question arises as to plasma-related degradation of cefepime in vivo. Even though 80 to 90% of cefepime is recovered unchanged in urine (2, 4, 5) , the fast renal clearance may mask a slower degradation process in plasma, similar to that observed in this study. Indeed, the ratio of renal clearance to total clearance was shown to fall below 0.6 in young infants (13) and in patients with an impaired renal function (8) . Moreover, the release of the C-3Ј substituent N-methylpyrrolidine associated with the hydrolysis of cefepime at physiological pH has been reported elsewhere (8) , and this metabolite has been detected in urine from animals and humans treated with cefepime, especially in the case of renal failure (3, 8) . In the present study, three new HPLC peaks were regularly observed during degradation. They eluted at 3.2, 3.7, and 9.5 min, i.e., outside the main cefepime peak. Therefore, characterizing them precisely will require further studies.
In conclusion, these results present evidence of a nonenzymatic degradation of cefepime in plasma in vitro. While the specific mechanism responsible for this phenomenon is incompletely known, the observation has implications for the drugdosing technology and eventually for in vitro susceptibility tests in plasma. In this study, HPLC allowed reliable titration, fulfilling the requirement for clinical use, with an LOQ 16 times lower than the MIC cutoff for bacterial susceptibility of the compound (11), but a critical prerequisite for this performance was that all manipulations prior to HPLC separation were performed at 4°C.
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